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The interaction of normal human skin with low-flu-
ence C02 laser irradiation was studied using a three-
phase approach. In phase one, freshly excised skin was 
observed immediately after impact. In phase two, skin 
irradiated 2 h prior to excision was studied. In phase 
three, human volunteers were irradiated and biopsied 
at time zero, 24 h and 48 h. Seventy-five sites were 
exposed and 60 biopsies were performed. 
The earliest histologic changes were observed in the 
6-10 J/cm2 fluence (radiant exposure) range and these 
changes included spindle and vacuolar changes in the 
basal layer of the epidermis. Papillary dermal coagula-
tion was present to a maximum of 0.03 mm. At fluenees 
of 10-25 J /cm2 , superficial dermal necrosis (0.06-0.08 
mm) was observed. At fluences above 25 J/cm2 , trans-
epidermal necrosis was present with increasing papil-
lary dermal necrosis that was in proportion to the en-
ergy density delivered. 
At 2 h, basal vacuolar changes were accompanied by 
diffuse keratinocytic cell death where contact was main-
tained between the epidermis and dermis, while where 
separation occurred limited keratinocytic death was ob-
served. The earliest changes occurred at lower threshold 
fluences (4-6 Jjcm2 ). After 24 h, these doses resulted in 
extensive epidermal necrosis with focal acute inflam-
matory infiltrates. At 48 h, the degree of epidermal 
"slough" was proportional to the energy density deliv-
ered and was maximal with a fluence of 5. 7 J/cm2 deliv-
ered whereas with a fluence of 3.8 J /cm2 thin slough 
(0.02 mm) was observed. These findings suggest that 
low-dose C02 laser irradiation may provide a new ap-
proach to selectively damage the epidermis with mini-
mal dermal damage. 
The clinical use of C02 laser on human skin involves expo-
sure of target sites until a gross clinical end point such as 
cutting, coagulation, charring, or vaporization is achieved. Low 
threshold effects such as immediate or delayed erythema have 
received only limited investigation by U.S. government laser 
groups [1,2]. No studies have been carried out to examine the 
histologic dose response of human skin at timed intervals after 
exposure to energy fluences (radiant exposures) well below 
those typically used in clinical treatment. This investigation 
was designed to characterize the dose/response of normal in 
vitro/in vivo human skin to low-fluence C02 laser, treatment 
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dose levels at which little or no immediate gross alterations are 
observed. The C02 laser wavelength of 10.6 ~m is equally 
absorbed by all epidermal cells except stratum corneum within 
the first 10-20 !Lm of tissue, and subsequent damage to under-
lying tissue is by heat conduction. Thus, our hypothesis was 
that at low fluence levels, selective damage, limited primarily 
to epidermis, might be achieved. 
Our studies indicate that (1) it is feasible to selectively 
damage the epidermis with low-dose C02 at dosages where gross 
lesions may or may not be observed; (2) the dermal-epidermal 
(D-E) junction seems to be a critical interface with regard to 
the earliest discernable histologic lesions. 
MATERIALS AND METHODS 
The study design is shown in Table I. 
Equipment 
A coherent C02 laser, model450XL, was used in defocussed gaussian 
mode with circular spot sizes of 2 mm and 4.5 mm. Exposure times by 
shutter ranged between 0.1-1.0 s. Irradiance was varied from 2.5-20 W 
with exposure to doses (fluences) ranging from 1.6-230 Jfcm2• 
Material 
Freshly excised skin and human volunteers were used in a three· 
phase approach. The first phase utilized freshly excised normal breast 
tissue (10-15 min post excision kept on saline-soaked gauze at 30"C) 
to study immediate histologic changes in 20 specimen sites exposed to 
fluences 3.1- 230 Jfcm2 • The second phase used in vivo breast skin at 
35"C, exposed in 12 sites to fluences 1.6-9.4 Jfcm 2 2 h prior to 
mammoplasty to define appropriate dose ranges for more extensive in 
vivo studies. The third phase used 3 human volunteers exposed to 
fluences 1.9-5.7 J/cm2 in 30 buttock skin sites at 33- 34"C with subse-
quent 3- to 4-mm punch biopsies taken at 0 h (13 sites), 24 h (5 sites), 
and 48 h (12 sites). 
Dosing Parameters 
Phase I: Spot sizes 2 mm and 4.5 mm; 0.1 s for fluences of 6.4, 15.8, 
23.9, and 31 J/cm2 ; 0.2 s for fluences of 3.1, 12.7, 31, 47.8, and 63 J/ 
cm2; 1.0 s for fluences of 15.8, 31, 63, 159, and 230 J/cm2 • 
Phase II: Spot size of 4.5 mm; 0.1 s for fluences of 1.6 3.1, 4.7, 6.3, 
7.9, and 9.4 J/cm2; 0.2 s for fluences of 3.1, 6.3, 7.9, and 9'.4 J/cm2 • 
Phpse III: Spot size of 4.5 mm; 0.1 s for fluences of 1.9, 2.8, 3.8, 4.7, 
and 5.7 Jfcm2• 
Histology 
All tissue was fixed immediately in 10% formalin and processed for 
histologic sections cut at 4-6 !LID. Sections were stained with hematox-
ylin and eosin. 
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RESULTS 
Gross changes in Phase I involved initial whitening (coagu-
lation) of skin at doses slightly above 10 J/cm2 to frank vapor-
ization and charring of epidermis at higher fluences. In Phase 
II, delayed (5-10 min) erythema occurred for fluences 4-6 J / 
cm2 . More obvious coagulation and blister formation occurred 
at higher fluences. In Phase III, only delayed erythema occurred 
immediately which continued into the 24-h sample time and 
resulted in mild blister formation at 48 h for the fluences 5-6 
J/cm2 • The results are shown in Table I. 
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TABLE I. Study Design and Su.mma r:v of Results 
PHASE I IN VITRO RESULTS 
Ini tia l determinat ion of flue nce ra nge for 
Time 0 
( l) "Thres hold" histologic injury obse rved 
in 6- 10 ,J jcm2 flue nce ra nge 
da mage limi ted to ep ide rmis 
Use freshly excised breast s kin 
T emp 30 ' C 
3. 1- 230 J /cm2 
(2) Direc t rela tion betwee n fluence de liv-
e red a nd dept h of de rma l da ma"e a ll 
phases "' ' 
(l ,ll ,lll) (see Fi g:)) 
PHASE II IN VIVO 
Trial o f this flue nce ra nge o n in vivo breast 
ti ssue irradiated 2 h prior to elec tive a ug-
Time 2 h 
T emp 35•c 
(1) "Thresho ld" his to logic injury observed 
in 4- 6 J / cm2 flue nce ra nge 
mentat io n ma mmoplasty I .6- 9.4 J jcm2 
PHASE Ill IN VIVO 
Time 0 
24 h 
(1) "Thresho ld" histologic injury observed 
in 4- 6 J /c m2 flu ence ra nge a t 0 h 
In vivo timed biopsies of buttoc k skin with 
punch biops ies 
48 h 
T emp. 33- :34 ·c 
1.6- 5. 7 J /cm2 
(2) Thickness o f epide rma l s lough af 48 h 
direc t ly related to flu ence delivered 
(see Fig 6) 
Phase One (In Vitro) 
T he ini tial histologic changes were observed in t he 6- 10 J / 
cm2 fluence range ; below this range both epidermis and dermis 
appeared histo logically unaffected. The earliest effect consisted 
of a spindle and vacuolar change in t he basal layer. Papillary 
dermal changes were either absent or limi ted to a coagulative 
change in the most superifical aspect (0.01- 0.03 mm) of t he 
papillary dermis. The epiderm is above the basal layer appeared 
to be unaffected (Figs 1A,2A ). These selective basal and pap-
illary dermal changes were noted a long prolonged lengths of 
skin (Fig 2A,B) and in some cases were associated with a sp li t 
at the D-E junction with ves icle formation (Fig 2C) . The 
FIG 1. In vi t ro histologic cha nges. A , 
F'luence 6.3 J / cm2• B, F'luence 31.4 J / cm 2 
At low ene rgy leve ls (A ) epiderma l structure 
can be de fin ed but bu lla fo rmation is noted 
on the right; the papilla ry dermis is caute r-
ized in a band! ike area o f approx imate ly 0.02 
mm t hickness. With highe r e ne rgy levels 
(B) the epidermis and superficia l pap ill a ry 
dermis has been vaporized. (Hematoxylin 
and eos in , A x 100, B X 40.) 
stripped epidermis forming the vesicle contained a morpholog-
ically unaffected upper epiderm is (Fig 2D ). At higher fluence 
ranges (10-25 J /cm2 ) , basal changes described above were ac-
companied by increasing degrees of papillary dermal nec rosis 
(0.06- 0.08 mm). At fluence ranges above 25 J /cm2 , the reticular 
dermis (up to 0.75 mm at 370 J /cm2) also showed coagulative 
necrosis (Fig 1B). Thus the depth of dermal necrosis was related 
to the fluence delivered (Fig 3) . 
Phase Two (in Vivo) (2 Hours) 
In this experiment, the in vivo thermal effects were docu-
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FIG 3. At time equal 0 h, depth of dermal damage (vertical axis in 
mm from the D-E junction) vs COt laser flu ence (horizontal axis on 
natural log scale in J/cm"). The ploLted straight line has a correlation 
coeffic ient or 0.9!)4 and a coeffi cient of determination of 0.910. Note 
the region of minimal papillary dermal damage for fluences < 10 J/cm". 
This corresponds (see text) to the region of selective epidermal damage. 
layer changes was lowered to 4- 6 J/cm2 . In addition, ev idence 
of diffuse ce ll necrosi s in the upper layers of the epidermis was 
noted in areas, where contact with dermis was maintained. The 
cytoplasm of these keratinocytes in this situation appeared to 
become eosinophi lic with foca l loss of nuclear definition. (See 
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FIG 2. Histologic observations at 2 h. A and 
B, Fluence 9.4 J/cm2 . C and D, Fluence 7.9 J/ 
cm2 • E, Fluence 7.9 J /cm2 . At low power (A) 
diffuse changes are noted at the D-E junction. B, 
At higher magnification (area in A marked with 
arrow) basal vacuolization and spindle changes 
are noted with an intact superficial epidermis. In 
C, epidermal separation is more extensive than 
in (A) and bu llae formation is observed. D, 
Higher magnification (area in C marked with 
arrow) reveals changes similar to (B) but the 
basal aspect or the epidermis is well defined. 
Where continui ty between epidermis and dermis 
is maintained, vacuolar changes are noted in the 
basal layer while the upper epidermis has become 
acidop hilic with loss of nuclea r definition (E ). 
(Hematoxylin and eosin, A X 100, B X 400, C X 
40, D X 400, E X 40.) 
Figs 2E, 4B.) In areas, separation of the epidermis from t he 
dermis was noted and t he superficial epidermis appeared rela-
tively intact (Fig 4C). 
Phase Three (In Vivo) (0, 24, 48 Hours) 
At 0 h , the basal changes described above (i.e., vacuolar and 
spindle changes in the basal layer) were again seen in t he 4-6 
J/cm2 range and appeared similar to those observed at these 
doses when biopsy was done 2 h after exposure (Phase II) (Fig 
4A). 
At 24 h, however, t he superficial epidermis appeared to 
undergo necrosis in large sheets (Fig 4D,E). In addition, a 
sparse inflammatory infiltrate (neutrophils and lymphocytes) 
not seen at 0 or 2 h was noted, located predominantly in the 
papillary dermis and overlying necrotic ep idermis. 
At 48 h, regenerative epithelium was observed growing in 
from the edges a long t he surface of t he denuded lasered area 
and lifting off the necrotic epidermis ("epidermal slough") (Fig 
4F). The thickness of the slough was directly related to the 
fluence (Fig 5) at these low levels. Thus with a fluence of 3.8 
J/cm2 the slough was thinnest and with a tluence of 5.7 J /cm2 
it was thickest (see Figs 5A- C,6) . In addition, areas of complete 
denudation were present at higher tluences (5.7 J/cm2 ) but not 
at lower f1uences (3.8 J/cm2) . 
DISCUSSION 
These results indicate that the C02 laser radiation admi nis-
tered at low fluences that give little or no immediate changes 
in t he skin does cause substantia l and selective cha nges in the 
skin. Our studies show t hat the greatest initial histologic effects 
with low-t1uence C02 laser occur in the basal layer and have a 
planar distribution. This finding is somewhat unexpected since 
the C02 laser energy is well absorbed by any water-containing 
cell which includes a ll epidermal cells except the stratum cor-
neum. Therefore, the superficia l epidermis is theoretically lia-
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ble to the highest exposure dose due to the proximity to 
irradiation and t he thermal diffusion limitation provided by 
the air-sk in in terface. The structura l a nd biologic inhomoge-
neity present at the D-E junction may be factors for this 
predilection for damage to the D-E junction. Similar changes 
have been observed at the D-E in terface using low-dose irra-
diation with the a rgon laser [3]. In addi t ion, an inherent 
weakness in the region of the lamina Iucida may play a role in 
vesicle formation [4]. 
At 0 h, threshold injury was observed at lower fluence levels 
in the vivo studies (3.8-5. 7 J /cm2 ) as compared with in vit ro 
studies (6- 10 J /cm2). These changes in threshold fluences 
probably relate to t he effects of the highe r te mperatures main -
tain e d in vivo. 
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FIG 4. Histologic changes for flu ence 4.7- 6.3 J /cm2 
from in vivo buttock skin . Evolution over t ime: A = 0 
h, 4.7 J /cm2 ; B = 2 h, 4.7 J /cm2; C = 2 h, 6.3 J /cm2; D 
and E = 24 h, 4.7 J /cm2 ; F = 48 h, 5.7 J /c m2 . At. t ime 
zero, wi t h fluence 4.7 J / cm2, basal vacuo lar cha nges 
are noted (A). After 2 h, basal vacuola r cha nges a re 
accompanied by keratinocytic necrosis (B). Where 
early bullae formation has occurred, t he most pro-
nounced cha nges occu r in the basal region (C). At 24 
h (dermis and epiderm is), extensive epidermal nec ro-
sis is noted acco mpan ied by a focal acute inflammatory 
infiltrate. At fluence 5.7 J / cm2 , extensive epidermal 
necrosis is noted at 48 h (F). (Hematoxyl in and eosin , 
X 400.) 
FIG 5. Epidermal "slough" at 48 h 
from in vivo buttock skin: A= 3.8 J /cm2 ; 
B = 4.8 Jf cm2; C = 5.7 J /c m2. At flu ence 
of 3.8 J / cm2 (A) a t hin slough is noted 
(0.02 mm). At. fluence of 4.8 J /cm2 (B) 
the slough is more extensive (0.045 mm). 
At tluence of 5.7 J / cm2 (C) the en tire 
epidermis is nec rotic (0.06 mm) . (He-
matoxylin and eosin, x 400.) 
At 2 h, extensive kerat inocyte necros is was observed. How-
ever, it is in teresting to note that histologic expression of 
keratinocyte nec rosis depended on the main te nance of contact 
between dermis and epidermis; in cases where the epidermis 
was detached, t he upper epidermis failed to reveal necrosis at 
2 h. lt t hus appears that epidermal separation from the dermis 
delayed t he exp ression of histologic cell death. This effect may 
have to do with prevention of edema (no exchange with the 
dermal compartment) or the lack of avai lability of certain 
factors (e.g. , calcium) necessary for t he expression of injury 
15]. 
At 24 h, t he extent of injury clearly extended above t he basal 
layer. The necros is of superfi cial epidermis at t his point must 
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FIG 6. At time equal 48 h, fo r in vivo skin, t he thickness of epid!' rma l 
slough (vertical axis in mm) vs C0 2 laser f1uence (horizontal axis in J / 
cm 2 ). T he plolled straight line has a correlation coefli cient of 0.924 a nd 
a coefficient of determination of 0.854. 
addition to the rmal damage. Regene rat ive activity was also 
present at t his t ime. 
At 48 h, t he epidermis appeared reconst it uted but a superfi -
cia l nec rotic epidermal slough was present. The thickness of 
t hi s slough at low fluence levels was directly related to absolu te 
!luence. At higher fluences (5.8 J/cm2 ) in this range, regenera-
tion was incomplete and a reas of t ransepidermal cellular loss 
were present. We hypothesize that at lower fluence levels (3.8 
J/cm2 ) epidermal "kill " is incomplete and that regeneration 
may occur from surviv ing epide rmal elements as well as skin 
appe ndages and latera l unaffected ep iderm is. 
While a clear relation between fluence and depth of papillary 
dermal coagu lation was demonstrated for f1uences 3.1-230 J / 
cm2 (Fig 3), it must be noted t hat throughout t hese experiments, 
at t he lower t hreshold fluences, papillary dermal involvement 
was minimal and consisted of mild coagulative changes in t he 
superficial areas to a max imum depth of 0.03 mm, which t hen 
disappeared, so t hat at 48 h no morphologic ev idence of injury 
remained. These changes may relate to loss of water ini t ially 
and subsequent rehyd ration. 
Th is study was conducted in 3 phases and had a number of 
variab les. In pa rt, the latter was due to finding the appropriate 
!luence ranges for the fin al expe riments on human vo lunteers. 
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T he difference in sites irradiated was of no consequence since 
epidermal thickness was equivalent in both a reas (0.07-0.08 
mm) . Spot size variation (2.0 mm and 4.5 mm) were not 
important since we were dea ling with a planar heat effect of 20 
1-Lm t hickness; in Phase III experiments, a constant spot size 
(4.5 mm) was utilized. Limitations in total power available for 
our large spot sizes required that we use pulse durat ions of both 
0.1 s and 0.2 s to achieve a wide range of radiant exposures in 
P hase I. Despite these variations, we were able to find excellent 
correlation between t1uences delivered and depth of dermal 
damage as well as thickness of epidermal slough at 48 h. 
Phase II in vivo data together with unpublished data showed 
that histologic damage did not follow a reciprocity relation-
ship- that is to say, for a given radiant exposure, lengthening 
the exposure t ime with reciprocal lowering of power results in 
reduced epidermal damage. This is consistent wit h a t hermal 
mechanism of damage and not with a photochemical mecha-
nism. This hypothesis is supported by the increase in fluence 
required fo r "threshold" injury during our in vit ro experiments 
and by subsequent manipulations of surface temperature, hy-
dration, and thickness of stratum corneum [6] which we have 
initiated to elucidate a damage model based on putative t hermal 
mechanisms. While important to compare the effects of known 
t hermal injury to that of equivalent C02 laser injury, delivery 
of a small amount of energy equivalent to 0.1 s using conven-
t ional heat sources may pose an implementation problem. 
Thus the C0 2 laser may be used to induce selective epidermal 
damage in normal skin with low fluences that may or may not 
create a clinical (gross) change. T he histologic evidence of 
thermal damage begins in the basal layer but is then ev ident in 
the ent ire epidermis, which then regenerates itself within 48 h. 
T he minimal involvement of the papillary dermis may help 
minimize t he possibility of scarring. This findin g suggests that 
the low-dose C02 laser may be useful in t he t reatment of 
epidermal lesions. 
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